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OFTHALMOLOOICAL COMPOSITIONS CONTAINING SEROTONIN S-HT1 A RECEPTOR AGONIST AND THEIR USB 
IN THE TREATMENT OF GLAUCOMA 

The present invention relates to the use of compounds tfiat activate the S-HTia 
subtype of serotonin rec^tor and inhibit adenylyl cyclase activity in the eye to lower 
intraocular pressure and treat glaucoma and ocular hypertension. 

Bflckjpnund of the Invention 

Serotonin (S-hydroxytryptamine or S-HT) is a natural neurotransmitter that acts on 
a family of serotonin receptors located in various tissues throughout the body, including the 
eye (Hoyer, D., Clarke, D.E., Fozard, J.R., Hartig, P.R, Martin, G.R., Mylecharane, EJ., 
Saxena, P.R., Humphrey, P.A, '"VD. International Union of Pharmacology Classification 
of Receptors for S-Ifydroxytryptamine (Serotonin)/* Pharmacological Reviews, 46(2): 157- 
203 (1994)). Serotonin receptors include a family of receptor subtypes linked through 
their amino acid sequence homology and coupled to characteristic cellular responses 
through second messengers, cyclic adenosine monophosphate (cAMP), and inositol 
triphosphate (JP3) (Zifa, Pillion, G.; "5-Hydroxytryptamine Receptors**, 
Pharmacological Reviews, 44(3):401-440 (1992)). The 5-HTia receptor subtype can be 
negatively coupled to adenylyl cyclase, the enzyme that synthesizes cAMP, so that its 
activation by a 5-HTia agonist results in the inhibition of cAMP synthesis (Hoyer, D., 
Clarke, D.E„ Fozard, J.R., Hartig, P.R., Martin, G.R., Mylecharane, E. J., Saxena, P.R,, 
Humphrey, P. A., ""VII. International Union of Pharmacology Classification of Receptors 
for 5-Hydroxytryptamine (Serotonin)," Pharmacological Reviews, 46(2): 157-203 (1994) 
and Zifa, E., Pillion, G.; "5-Hydroxytryptamine Receptors", Pharmacological Reviews, 
44(3):401-440(1992)). 
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S^otonin binding sites have been found in membrane preparations obtained fiom 
rabbit ciHaiy processes, flie ocular tissue involved in aqueous humor secretion (Mallorga, 
P., Sugrue, MF., "Characterizatian of serotonin receptors in the iris + cihary body of the 
albino rabWt." Curmtt Eye ResearcK 6(3):527.532 (1987) and Chidlow, Q. DeSantis. 
L.M.. Sharif, NA, Osborne. N.N.. "Characteristics of ['mS-Ifydroxytryptamine Binding 
to wl-CiUary Body Tissue of the.Rabbif ♦ bmsligfttNe OpMmhnology & Visual Science, 
36(ll):2238-2245 (1995)). Competitive binding inhibition experiments using various 
Ugands, Wlh known or putative serotonin receptor subtype selectivity, were performed and 
the resdts indicated that the nature of one of flie serotonin binding sites. Le.. receptors, 
located in rabbit cihary processes is that of the S-HTu subtype (MaBorga. P., Sugme. 
MF., "Characterization of serotonin receptors in the iris + ciUaiy body of the albino 
rabbit." Curma Eye Research, 6(3):527-532 (1987) and Chidlow. G., DeSantis. L.M., 
Sharif N.A., Osborne, N.N., "Characteristics of ['mS-Hydroxytryptamine Binding to Iris- 
Ciliari Body Tissue of Ae Rabbit" Investigative Ophthabnohgy & Visual Science, 
36(ll):2238-2245 (1995)). Thus, a population of S-HTia receptors is present in rabbit 
cihary processes and are negatively coupledto adenylyl cyclase (Bamett.N.L.. Osborne. 
NN 'TTiePresenceofSerotonin(5-Hr,)ReceptorsNegativelyCoupledtoAdenylate 

Cycllse in Rabbit and Human Ws-CiHary Processes". Exp. Eye Res., 57:209-216 (1993) 
and Tobin, A.B. . Osborne. N.N.. "Evidence for Ae Presence of Serotonin Receptors 
Negatively Coupled to Adenylate Cyclase in the Rabbit Iris^JiUary Body," J^^^ 

Neurochemistry, 686-690 (1989)). 

m question of the physiological relevance of these receptors can be raised. To 
this end, experimentshave been performed to investigate the effect of ocularly appUed 

serotonin on the intraocular pressureaOP) of the rabbit eye (Meyer-Bothling. U. . Bron. 
A 1. Osborne. N.N.; 'Topical AppUcation of Serotonin or the 5-Hr,-Agonist 5-CT 
hitrlocular Pressure in Rabbits," Investigative Ophthalmology & Visual Science, 
34(10) 3035-3042 (1993) and Krootila, K., PaDcama, A. Uusitalo, H; "Effect of Serotonin 
and Its Antagoni^ (Ketanserin) on Intraocdar Pressure in the Rabbit," Journal of Ocular 
Pharmacology. 3(4):279.290 (1987)). It has been reported that serotonin raised the lOP of 
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the rabbit, leading one to believe that the activation of S-HTia receptors in rabbit ciliary 
processes stimulates die secretion of aqueous humor and increases the lOP (Meyer- 
Bothling, U., Bron, A.J., Osborne, KN.; ^Topical Application of Serotonin or the S-HTi- 
Agonist 5-CT Intraocular Pressure in Rabbits/* Investigative Ophthalmology & Visual 
Science, 34(10)-3035-3042 (1993)). However, flie fact that serotonin acts on all subtypes 
of serotonin receptors makes &e interpretation more difficult as it also lowered lOP in the 
rabbit according to another report (Krootila, K., Palkama, A., Uusitalo, H.; "Efifect of 
Smtonin and Its Antagonist (Ketanserin) on Intraocular Pressure in the Rabbit," Journal 
of Ocular Pharmacology, 3(4):279-290 (1987)). 

Additionally, it has been reported that S-HTs receptors exist in die rabbit iris-ciliary 
body (which includes the ciliary processes) (Chidlow, G., DeSantis, L.M., Sharif, N.A., 
Osborne, N.N., "Characteristics of [^H]5-Hydroxytryptamine Binding to Ms-Ciliary Body 
Tissue of the Rabbif ' Investigative Ophthalmology & Visual Science, 36(1 1):2238-2245 
(1995)). An antagonist of these receptors, ketanserin, has been shown to produce lowering 
of lOP; however, ketanserin also has aflBnity for alpha adrenergic receptors which could 
also be responsible for the lOP lowering effect (Chang, F.W., Burke, J.A., Pottea-, D.E., 
"Mechanism of the Ocular Ifypotensive Action of Ketanserin,*' Journal of Ocular 
Pharmacology, 1(2): 137-147 (1985) and Costagliola, C, Scibelli, G., Fasano, MX,, 
Ferrara, LA, Mastropasqua, L.; "Effect of Oral Ketanserin Administration on Intraocular 
Pressure in Glaucomatous Patients,** Ejtp. Eye Res., 52:507-510 (1991)). Thus, it is not 
clear whether S-HTa serotonin receptors play a major role in mediating the effect of 
ketanserin on lOP. 

Using the techniques of molecular biology, it has been shown that rabbit ciliary 
processes contain the message for the S-HT? subtype serotonin receptor (Chidlow, G., 
DeSantis, L.M., Sharif, N.A., Osborne, N.N., "Characteristics of [^5- 
Hydroxytryptamine Binding to Iris-Ciliary Body Tissue of the Rabbit" Investigative 
Ophthalmology & Visual Science, 36(1 1):2238-2245 (1995) and Osbome, N.N., Chidlow, 
G, "Do Beta-Adrenoceptors and Serotonin 5-HTia Receptors Have Similar Functions in 
the Control of Intraocular Pressure in the Rabbit?" Ophthalmologica, 210:308-314 
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(1996)). Hower.no function in this tissue has yet been asmbed to this re^^^ In 
brain tissue, this receptor is positively coupled to adenylyl cyclase so its function in the 
ciliary process appear to be diametrically opposed to that of the 5-Hr,A receptor 
(Hoyer, D., Clarke, D.E.. Fozard, J.R., Hartig, P.R., Martin, G.R., Mylecharane, E.J., 
Saxen^ P.R. Humphrey. P.A.. «Vn. International Union of Pharmacology Classification 
of Receptors'for 5-Hydroxytryptamine (Serotonin)," Pharmacological Reviews^ 46(2):157. 
203 (1994)). Moreover. 5-Hr,A -like receptors4atarepo8itivelyco,Vled to adenylyl 
cyclase have also been reported (Zifa, E., Pillion. G.; «5.Hydr«cytryptamine Receptors". 
Pharmacological Reviews, 44(3):401-440 (1992)). 



Snmniarv of Invmtiea 

It has now been unexpectedly discovered that compounds which act on the S-HTia 
subtype of serotomn receptors to inhflrit adenylyl cyclase 
intraocdarpressureinmammalianspeciesvAenappUedtopicallyto This 

pharmacological effect is usefol to treat the conditions of glaucoma and ocular 
hypertension. 



ni>.rrl ptioil of rrrfrT— * 1i''«Kr>Jhtieilt8 

It is betieved that Ae net result ftom the stimulation of the multiple serotomn 
receptors in the ciliary processes of the eye depends on flie relative importance of each 
receptor regulating Ae physiological process of aqueous humor s^^^^ 
5.Hr,Areceptor plays the dominant rolefedetemmring the direction 
^etheraqueousbumorsecretionisincreasedordecreased Tims, the pharmacological 

activation of the serotonin receptor subtype. 5-HT.a. that is neg^ely coupled to adenylyl 
cyclase tissue, results inaloweringoflOPandthusareusefid to treat glaucoma 

faypertension. 



wo 98/18458 



PCT/US97/15542 



Two compounds, 8-faydroxy dipropylamino tetraline (DPAT) and S-medioxy-N 
dimetl^ltiyptamine, that have a relatively high afiBnity for serotonin binding sites of rabbit 
ciliary processes, vvere studied for tiheir effect on lOP. When applied to normot^isive 
rabbit eyes, 8-hydroxy-DPAT was found to produce a decrease of lOR Additionally, 5- 
methoxy-N,N-dimethyl tryptamine produced a decrease of lOP vJhexi applied topically to 
the (ocular) hypertensive monkey eye. 

The compounds listed in Table 2 of Zifa, E., Pillion, G.; "5-Ifydroxytryptamine 
Receptors^ Pharmacological Reviews ^ 44(3)-401-440 (1992), which is mcorporated 
herein by reference, can be used according to the present invention. Compounds which 
are full agonists (compounds ^^ch can completely activate the receptor to produce a 
iPftirimal response) at S-HTia receptors are most preferred; partial a^nists (compounds 
v\4iich produce a submaximal response when receptors are fully activated) being less 
preferred. Full agonists (to the extent known) can be selected fiom, but not limited to, the 
following compounds: R(+) 8-hydroxy (DPAT); buspirone; N,N-dipropyl-5- 
carboxamidotryptamine; and 5-methoxy-N,N-dimethyltiyptamine. Partial agonists at 5- 
HTiA receptors include, but are not hmited to, S(-)-8-hydroxy DPAT and spiroxatrine. 

The preferred route of administration is topically to the affected eye. The dosage 
range for topical administration is generally between about 0.3 and about 3000 micrograms 
per eye (^g/^e) and is preferably betvy/een about 1 and about 1000 ^g/qre and most 
preferably between 30 and 300 ^g/eye. The compounds of the present invention can be 
administered as solutions, suspensions, gels, solid inserts, or emulsions (dispersions) in a 
suitable vehicle. 

The compounds can be incorporated into various types of ophthalmic formulations 
for delivery to the eye. These compounds may be combined with ophthalmologically 
acceptable preservatives, surfactants, viscosity enhancers, penetration enhancers, buffers, 
sodium chloride, and water to form an aqueous, sterile ophthalmic suspension or solution. 
Ophthahnic solution formulations m^ be prepared by dissolving the compound in a 
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We Qaim : 

1 . A method for controlling intraocular pressure, i^ch comprises, 
administering topically to the eye of a person suffering from glaucoma or ocular 
hypertension a composition comprising a therapeutically effective amount of a 5-HTia 
receptor agonist that inhibits adenylyl cyclase. 

2. The method of Claim 1 wherein die S-HTia receptor agonist is selected 
from the group consisting of R(+) 8-hydroxy dipropylamino tetraline and S-metfioxy-N,N- 
dimethyltryptamine. 

3. The method of Claim 2 vydierein the S-HTia receptor agonist is R(+) 8- 
hydroxy dipropylamino tetraline. 

4. A topical, ophthalmic composition for controlling intraocular pressure, 
comprising a therapeutically effective amount of a S-HTia receptor agonist that inhibits 
adenylyl cyclase. 

5. The composition of Claim 4 herein the S-HTia receptor agonist is selected 
from the group consisting of R(+) 8-hydroxy dipropylamino tetraline and S-methoxy-N,N- 
dimethyltiyptamine. 

6. The composition of Claim 5 Avherein the 5-HTia receptor agonist is R(+) 8- 
hydroxy dipropylamino tetraline. 
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